Purpose The distinction of patients with symptomatic multiple myeloma (MM) from those with smoldering MM poses a challenge for researchers who use administrative databases. Historically, researchers either have included all patients or used treatment receipt as the distinguishing factor; both methods have drawbacks. We present an algorithm for distinguishing between symptomatic and smoldering MM using ICD-9-CM (International Classification of Diseases, Ninth Revision, Clinical Modification) codes for the classic defining events of symptomatic MM commonly referred to as the CRAB criteria (hypercalcemia, renal impairment, anemia, and bone lesions).
INTRODUCTION
Multiple myeloma (MM) is a rare hematologic malignancy. An estimated 30,000 new cases will have been diagnosed in the United States in 2017. 1 Like many less common cancers, the low incidence rate poses a challenge to researchers. Because each center sees only a relatively small number of patients with MM, population-based databases such as SEER allow for larger sample sizes and more generalizable findings than singleinstitution studies.
The use of population-based databases for MM research poses a specific challenge: the distinction of symptomatic MM from smoldering MM, which does not require treatment. In smoldering MM, aberrant plasma cells have begun to accumulate in the bone marrow but have not resulted in clinical symptoms or organ damage. 2 An estimated 15% of patients with suspected MM are in the smoldering phase 3 ; only approximately one half of these patients will progress to symptomatic MM over 5 years. 4 Currently, treatment is not recommended for patients with smoldering MM, although research in ongoing to identify high-risk groups and to determine a possible role for early intervention before the development of symptomatic MM.
Because diagnostic codes do not distinguish between smoldering MM and symptomatic MM that requires treatment, previous population-based studies either have predominantly been in all patients with MM, including smoldering MM, or have used treatment administration as the defining factor, which assumes that all patients who do not receive treatment have smoldering MM. [5] [6] [7] Both strategies have weaknesses. For example, the inclusion of patients with smoldering MM could underestimate associations between clinical features and outcomes. The exclusion of patients with MM who do not receive treatment may overestimate treatment effects at the population level. To address this methodological gap, we developed an algorithm to distinguish smoldering from symptomatic MM using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), claims data.
PATIENTS AND METHODS
The source of data for this study was the National Cancer Institute SEER-Medicare-linked database. We chose the SEER-Medicare database because it is a popular choice for researchers; however, we aimed to keep the methodology broad enough that the algorithm could be extended to additional claims-based data sets.
The SEER database collects demographic, tumor characteristic, and survival data from 18 cancer registries throughout the United States and covers approximately 26% of the US population. 8 In the SEER-Medicare-linked database, the SEER registry data are linked to Medicare enrollment and claims data. The SEER-Medicare database has been described in detail elsewhere. 9 At the time of this study, the SEER-Medicare linkage included all Medicare-enrolled people who appear in the SEER data through 2011 and their Medicare claims through 2013.
Inclusion and Exclusion Criteria
Eligible patients were diagnosed with MM between 2007 and 2011. Identification of MM was made using the WHO International Classification of Diseases for Oncology, Third Edition (histology code 9732). 10 We excluded patients with duplicate or incomplete records, including those identified by death certificates or autopsy reports; those not enrolled in Medicare parts A, B, and D the 12 months before and after MM diagnosis; and those enrolled in managed care plans (ie, a health maintenance organization). We also excluded all patients who did not have one or more claims within 1 year before diagnosis because this is another indicator of a possible incomplete record. Patients diagnosed with MM before age 65 years were excluded. Medicare eligibility before age 65 years is restricted to those with severe illness or disability, which limits the generalizability of this subset of patients.
Variables
The classic distinguishing clinical features of symptomatic MM relative to smoldering MM are hypercalcemia, renal impairment, anemia, and bone lesions, otherwise known as CRAB criteria. 2 To determine the presence or absence of these features, we extracted the relevant ICD-9-CM codes from all claims data, including inpatient (Medicare Provider and Analysis Review), outpatient, and provider (National Claims History) claims. Table 1 lists all the ICD-9-CM codes used in this study.
These clinical features are not specific to MM. Hypercalcemia can be secondary to hyperparathyroidism, anemia to iron deficiency, chronic kidney disease to comorbidities such as hypertension and diabetes, and bone loss or fracture to osteoporosis. Therefore, we created an algorithm to exclude codes not related to MM on the basis of proximity to diagnosis and the presence of other possible causes. Only codes that occurred within the 6 months before and after the MM diagnosis were considered. We then excluded hypercalcemia if codes for hyperparathyroidism also existed and vertebral fractures if codes for osteoporosis also existed. We excluded codes for anemia and chronic kidney disease if the code originated > 6 months before MM diagnosis, which assumes that if these were not related to MM, their diagnostic codes would have been present before the 6 months that preceded MM diagnosis. A macro was developed by using SAS Enterprise Guide 5.1 (SAS Institute, Cary, NC) based on the commonly used SEER-Medicare Charlson comorbidity weights macro. 11 A copy of the macro is included in the Data Supplement.
MM treatment was determined by using the Medicare claims for inpatient (Medicare Provider and Analysis Review), outpatient, provider (National Claims History), and prescription (part D) coverage using relevant ICD-9-CM and Healthcare Common Procedure Coding System codes for injectable drugs and generic names for prescription drugs. MM treatment was defined as receipt of any of the following within the 6 months after MM diagnosis: bortezomib, cyclophosphamide, doxorubicin, lenalidomide, melphalan, thalidomide, vincristine, unspecified antineoplastic chemotherapy or immunotherapy, or autologous or allogeneic stem-cell transplant. Radiation therapy and corticosteroids were not included as MM treatment because these were not considered adequate systemic therapy in the modern era but rather as symptom-directed therapy.
Analysis
We created three cohorts of patients: all with smoldering or symptomatic MM, symptomatic MM as determined by CRAB criteria, and symptomatic MM as determined by treatment receipt. Bivariable analyses were used to compare the characteristics of these three cohorts and included age; ethnicity; sex; Medicaid beneficiary status; and previously validated measures of overall health, such as performance status and Charlson comorbidity index (CCI). [12] [13] [14] Overall survival, defined as the number of months from MM diagnosis to death as a result of any cause, was compared using Kaplan-Meier method with logrank tests.
RESULTS
A total of 4,187 patients were included in the analyses. The median age was 76 years at MM diagnosis, and 77% of the cohort was white, 16% black, 7% another ethnicity, and 52% female. Thirty-two percent were Medicaid beneficiaries. Twenty-three percent had one or more indicators of poor performance status, and the mean CCI score was 1.9. At the time of the analysis, 68% of the patients had died (median estimated overall survival, 26.6 months; 95% CI, 25.2 to 28.1 months).
Eighty-four percent of patients (n = 3,506) had ICD-9-CM codes consistent with CRAB criteria. The most common CRAB criterion was anemia, which occurred in 57% of all patients. The least common criterion was hypercalcemia, which occurred in 20% of all patients. The majority of patients had more than one of the four possible CRAB criteria; only 5% had all four. Figure 1 shows a Venn diagram that displays the intersections of CRAB criteria.
Fifty-seven percent of patients (n = 2,369) received MM treatment; 53% (n = 2,201) received a novel agent, including bortezomib, lenalidomide, and thalidomide. Of patients who received MM treatment, 87% met CRAB criteria. Conversely, only 59% of patients with CRAB criteria ascopubs.org/journal/cci JCO™ Clinical Cancer Informatics 3 Compared with the cohort of patients with CRAB criteria, the cohort who received MM treatment tended to be younger (mean age, 75.4 v 76.9 years; P < .001), were less likely to be Medicaid beneficiaries (29% v 33%; P = .003), were less likely to have indicators of poor performance status (18% v 25%; P < .001), and had a lower CCI score on average (mean, 1.7 v 2.1; P < .001).
The characteristics of the study cohorts are listed in Table 2 .
The estimated median overall survival of patients who received treatment was 32.3 months (95% CI, 30.3 to 34.4 months) versus 22.9 months for those with CRAB criteria (95% CI, 21.3 to 24.5 months; P < .001). Conversely, the estimated median overall survival of smoldering MM cases as determined by the absence of CRAB symptoms was 51.5 months (95% CI, 44.7 to 57.7 months) versus 16.4 months (95% CI, 13.0 to 19.0 months; P < .001) when smoldering MM was defined as a lack of treatment. Overall survival by cohort is shown in Figure 2 .
DISCUSSION
On the basis of the algorithm we established, 16% of patients with MM were considered to have smoldering disease. In a study of the National Cancer Database, Ravindran et al 3 estimated that 14% of patients with MM were classified as having smoldering disease on the basis of the treatment recommendations of the attending physician. A Swedish population study also reported a smoldering MM rate of 14%. 15 Thus, our algorithm illustrates a prevalence of smoldering MM similar to that identified in other population-based studies.
Classification of symptomatic MM by CRAB criteria led to a larger sample size, and the demographics more closely resembled the overall population than classification by receipt of treatment. Conceptually, the removal of patients with smoldering MM should result in a symptomatic MM cohort with a lower overall survival compared with the original cohort. In this study, we found that classification by CRAB criteria did just that. Moreover, the overall survival of the patients with symptomatic and smoldering MM was similar to those previously published. 3 Conversely, a distinction by treatment status resulted in a symptomatic MM cohort with improved overall survival compared with the smoldering MM and overall cohorts. Because older patients and those with more comorbidities and poorer performance status are less likely to receive treatment, the outcomes of patients who received treatment may not reflect the overall symptomatic MM population. For some studies, such as outcomes research that compares treatment regimens, the elimination of patients who do not receive MM treatment would be appropriate, but it should be done cautiously when estimating the effect of demographics or treatment regimens at the population level.
In this study, approximately one half of patients without CRAB ICD-9-CM codes received MM treatment. CRAB criteria possibly were undercoded in these patients. Providers who have already coded for myeloma in billing may not have believed it necessary to also code for CRAB criteria. In addition, these patients may have had some other manifestation of MM disease. Additional biomarkers, including high bone marrow-plasma cell percentage or light-chain ratio and lesions on magnetic resonance imaging of the spine, have been added as myelomadefining events that warrant treatment initiation. 16 Such findings on a patient's work-up could have prompted a physician to treat despite the lack of CRAB criteria. Other nonspecific symptoms, such as peripheral neuropathy, also are used when making treatment recommendations but, again, are not captured under CRAB criteria. One center reported that 20% of patients treated for MM did not have the presence of any of the classic CRAB symptoms. 17 To increase the sensitivity of the algorithm we present, treatment receipt can be added with CRAB criteria. In this study, 91% of the entire population had ICD-9-CM codes for CRAB criteria or receipt of MM treatment. This strategy was previously used in a study of monoclonal gammopathy of unknown significance complications in the SEER-Medicare data set. The researchers found a similar rate of patients with smoldering disease (15%), but the study included Waldenström macroglobulinemia and lymphoplasmacytic lymphoma in addition to MM; thus, the results are not directly comparable. Many MM regimens are administered orally on an outpatient basis; therefore, prescription information, which is absent from many administrative databases, is required to comprehensively integrate treatment receipt. Thus, our algorithm included only the CRAB criteria to maximize its utility and the generalizability of results.
Another finding of this study is that 41% of patients with symptomatic MM classified by CRAB criteria did not receive systemic treatment. A limitation of our work is the possibility that some of the patients with ICD-9-CM codes for CRAB criteria may have had smoldering MM and that the ICD-9-CM codes were for unrelated conditions (ie, hypertensive chronic kidney disease, a scenario in which a patient should not receive MM therapy Use of administrative databases such as SEER-Medicare for this type of analysis has several strengths, including the provision of a large sample size from a diverse geographic area, but their application is limited by possible incomplete or inaccurate data and the use of claims data as surrogates for important information (eg, the distinction between smoldering and symptomatic MM). The current study was performed in part to improve the application of such databases; still, inherent limitations exist. For example, CRAB criteria ICD-9-CM codes could be under-or over-reported as a result of miscoding in the claims data. ICD-9-CM codes have been shown to have only approximately 70% predictive value for bone metastases 21 ; therefore, we excluded these codes from the algorithm. The predictive value of the included ICD-9-CM codes for their corresponding CRAB criteria is unclear, but unlike codes for bone metastases, the included codes are tied to reimbursement and, theoretically, have higher predictive values. 22 In addition, biomarkers and nonmyeloma-specific symptoms that determine treatment recommendations often are not identifiable by claims codes. On the basis of these limitations, results from studies that use an administrative database should be interpreted with caution.
In conclusion, we present a methodology for distinguishing smoldering from symptomatic MM in claims-based data. This methodology results in a larger and more representative sample than classification by treatment status and reduces the potential bias that could result from including all patients with smoldering MM in the analysis. Although this study was performed by using the SEER-Medicare database, the methodology can be translated to other claims-based databases with relative ease. 
